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DETAILED ACTION 

This office action is in response to the Amendment and Remarks filed 5 October 
2007, in which claims 1-26 were presented for examination. 

Response to Arguments 

Applicant's arguments with respect to claims 1-26 have been considered but are 
moot in view of the new ground(s) of rejection. 

Claim Rejections - 35 USC § 103 

The text of those sections of Title 35, U.S. Code not included in this action can 
be found in a prior Office action. 

Claims 1-11, 13, 14, 16-18, 20, 22 and 23 rejected under 35 U.S.C. 103(a) as 
being unpatentable over Urmson et al., "Approaches for Heuristically Biasing RRT 
Growth", IEEE, October 2003, pages 1 178-1 183, in view of Kindel et al., "Kinodynamic 
Motion Planning Amidst Moving Obstacles", IEEE, April 2002, pages 537-543. 

(Claim 1) Urmson describes a method of planning at least one path for an object 
in a state space from a starting position to a goal position to avoid a plurality of static 
and/or dynamic objects, comprising: associating predetermined attributes with the 
plurality of static objects and/or the plurality of dynamic objects located in the state 
space, the state space being a probability space (section 2, lines 1-19); generating a 
probabilistic tree in the state space including a plurality of branches extending from the 
starting position of the vehicle towards the goal position located in the state space 
(section 2, lines 1-19); extending the plurality of branches of the probabilistic tree 
towards the goal position located in the state space based on a plurality of random tree 
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extension rules and a plurality of deterministic tree extension rules until satisfying a 
predetermined stopping condition (section 3 and section 5, lines 47-61). Urmson does 
not state that the branches are evaluated for satisfying predetermined trajectory path 
constraints. However, Kindel et al. teaches a kinodynamic motion planning method 
including using random and deterministic rules to expand the tree branches and further 
evaluating at least a first branch of the plurality of branches of the probabilistic tree for 
determining whether the first branch of the plurality of branches of the probabilistic tree 
satisfies predetermined trajectory path constraints (section 1, lines 22-37 and section 4, 
lines 1-33). It would have been obvious to one of ordinary skill in the robotic art to 
include the predetermined trajectory path constraints in determining the path of the 
mobile robot, because as Kindel et al. suggests, some robots operate under severe 
dynamic constrains, having limited actuator forces and torques, and if the trajectory path 
constraints are not taken into account there is little practical application for moving the 
robot amongst moving obstacles. 

(Claim 2) Urmson further suggests declaring the first branch of the plurality of 
branches of the probabilistic tree as the at least one preferred trajectory path for the 
vehicle in the state space (section 3, figure 6); and controlling the vehicle to follow the at 
least one preferred trajectory path in the state space for moving the vehicle from the 
starting position towards the goal position in the state space (figure 6). 

(Claims 3, 4, 5 and 6) Kindel further suggests extending the plurality of branches 
of the probabilistic tree further based on the at least one of the plurality of random tree 
extension rules and the plurality of deterministic tree extension rules until at least one 
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branch of the plurality of branches of the probabilistic tree satisfies the predetermined 
stopping condition (section 2, lines 20-32) and declaring the at least one branch of the 
plurality of branches of the probabilistic tree that couples the starting position to the goal 
position as the at least one preferred trajectory path for the vehicle in the state space 
(figure 6 and section 4.1). Kindel further teaches repeating one or more previous steps 
at predetermined time intervals as the vehicle moves along the at least one preferred 
trajectory path toward the goal for updating the at least one preferred trajectory path to 
compensate for motion of the plurality of dynamic objects (section 1 , lines 68-82). Kindel 
further teaches satisfying the predetermined stopping condition includes at least one of 
satisfying a predetermined time constraint and satisfying a predetermined travel 
distance constraint (section 1, lines 68-82). While Urmson does not describe the path 
conforming to trajectory path constraints, as suggested by Kindel it would have been 
obvious to one of ordinary skill in the robotic art to require the final path to conform to 
the predetermined trajectory path constraints in order to practically allow the mobile 
robot to traverse the obstacle course. Kindel suggests it would have been obvious to 
one of ordinary skill in the robotic art to include predetermined condition as a stopping 
condition and updating the path periodically for moving obstacles, as these are well 
known steps of using a probabilistic-roadmap technique. 

(Claim 7) Urmson further describes wherein associating predetermined attributes 
with the plurality of objects located in the state space includes associating at least one 
of a position value, a velocity value, a direction value, an acceleration value and a time 
value (section 4.4). 
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(Claims 8-10) Urmson describes the building of the probabilistic tree, but does 
not specify that the branches are extended with a predetermined distance and direction. 
However, Kindel teaches that with a robot in severe constraint limitations, generating 
the tree includes extending each of a first plurality of edges a first predetermined 
distance and direction from the starting position in the state space to each of a 
corresponding first plurality of nodes based on the plurality of random tree extension 
rules and the plurality of deterministic tree extension rules for forming first segments of 
each of the plurality of branches of the probabilistic tree (section 2, lines 53-69 and lines 
1 14-138). Kindel further teaches extending at least one of a next successive plurality of 
edges from each of the first plurality of nodes a second predetermined distance and 
direction in the state space to each of a corresponding next successive plurality of 
nodes based on the plurality of random tree extension rules and the plurality of 
deterministic tree extension rules for forming next successive segments of each branch 
of the plurality of branches of the probabilistic tree (section 2, lines 53-83 and lines 133- 
138). Kindel further teaches repeating cyclically extension of each branch of the plurality 
of branches of the probabilistic tree until at least the first branch of the plurality of 
branches of the probabilistic tree satisfies the stopping condition (section 2, lines 106- 
1 1 3). Kindel further teaches repeating cyclically extension of each branch of the plurality 
of branches of the probabilistic tree until at least the first branch of the plurality of 
branches of the probabilistic tree satisfies the stopping condition (section 1, lines 68- 
82). It would have been obvious to one of ordinary skill in the robotic art at the time of 
the invention to combine the teachings of Kindel with the method of Urmson because as 
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Kindel suggests the predetermined distance and direction is determined by the robot 
kinodynamic constraints and then naturally enforced with the search of the tree 
branches, thereby making sure the path planning does not become out of step with the 
limitations of the robot (section 2, lines 53-69). 

(Claim 11) Urmson further describes evaluating whether extension of one or 
more branches of the plurality of branches of the tree violate object avoidance 
constraints (section 4.2); and suspending further extension of the one or more branches 
of the plurality of branches if a determination is made that extension of the one or more 
branches of the plurality of branches of the tree violate the object avoidance constraints 
(figure 6, sections 4.1 and 4.2). 

(Claim 13) Urmson further describes extending the plurality of branches of the 
probabilistic tree based on the plurality of random tree extension rules includes at least 
one of extending each branch into the state space that is void of the plurality of static 
objects and the plurality of dynamic objects and extending each branch into the state 
space that is void of other branches of the plurality of branches of the probabilistic tree 
(figure 8, section 4.3). 

(Claim 14) Urmson further describes extending the plurality of branches of the 
probabilistic tree based on the plurality of deterministic tree extension rules includes at 
least one of extending each branch towards the goal and extending each branch in a 
straight line with respect to a previous extension of each branch (section 2, lines 20-32). 

(Claim 16) Urmson describes a path planning method for a vehicle, comprising: 
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defining a state space including an initial start position and a goal position, the state 
space being a probability space (section 2, lines 13-32); generating a plurality of paths 
from the start position to the goal position over time on a node by node basis based 
upon a set of rules comprising including at least one of a deterministic rule, a 
randomness rule, and a probabilistic rule (section 3, lines 9-16, lines 1-8, and 17-37); 
assigning locations to objects in the state space over time based upon respective 
probability distributions (section 3, lines 2-5); and selecting a first one of the generated 
plurality of paths (figure 6). Kindel further explains the method of using the RRT 
decision to determine the path to the goal. 

(Claim 17) Urmson further describes terminating ones of the plurality of paths 
that are not feasible at a given node in the state space (figure 6 and section 4.1). 

(Claim 18) Urmson further describes terminating paths based upon one or more 
of impact with an object, region avoidance, g-force limitations, sensor information, path 
distance, path time, number of turns, altitude change limitations, straight path 
desirability, object location confidence level, turning radius limitations, and turning 
penalties (section 1, lines 1-12, figure 6). 

(Claim 20) Urmson further describes assigning object state information including 
one or more of position, heading, velocity, acceleration, turning radius, acceleration 
limit, velocity limit, g-force limit, and location confidence level (section 4.4). 

(Claim 22) Urmson describes a method of adaptive path planning for a vehicle, 
comprising: defining a state space for the vehicle and a plurality of objects, the state 
space being a probability space (section 1); setting a root node to initial state for the 
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vehicle (section 1, x jn t); generating a plurality of paths comprising node-to-node 
branches from a vehicle start location to a goal location, each node being a probability 
distribution (figures 1 and 2, section 3, lines 17-37); examining each of the branches to 
determine whether stopping conditions are satisfied (section 4.1); generating first ones 
of the branches using deterministic rules (section 5, lines 47-61); generating second 
ones of the branches using random extension rules (section 5, lines 47-61); determining 
whether first ones of the plurality of branches should terminated (section 3, lines 9-37); 
and selecting a first one of the plurality of paths that extend to the goal location (section 
3, lines 9-37, figure 6). Kindel further explains the method of using the RRT decision to 
determine the path to the goal. 

(Claim 23) Urmson further describes assigning state information to the plurality of 
objects including one or more of position, heading, velocity, acceleration, turning radius, 
acceleration limit, velocity limit, g-force limit, and location confidence level (section 4.4). 

Claim Rejections - 35 USC § 103 

Claim 15 is rejected under 35 U.S.C. 103(a) as being unpatentable over Urmson 
in view of Kindel, in further view of Hsu et al. "Randomized Kinodynamic Motion 
Planning with Moving Obstacles", March 2002, pages 1-36, Database Inspection on- 
line, The Institute of Electrical Engineers. 

Urmson in view of Kindel teach the application of predetermined trajectory path 
constraints but do not specify that the branches satisfy at least one of a maximum travel 
distance value, a maximum turn angle value, a minimum distance value to the plurality 
of static objects and the plurality of dynamic objects. However, Hsu teaches the motion 
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planning of a robot around static and dynamic objects using a PRM planner, further 
including determining whether the first branch of the plurality of branches of the 
probabilistic tree satisfies the predetermined trajectory path constraints includes 
determining whether the first branch of the plurality of branches of the probabilistic tree 
satisfies at least one of a maximum travel distance value, a maximum turn angle value, 
a minimum distance value to the plurality of static objects and the plurality of dynamic 
objects (section 3.1). It would have been obvious to one of ordinary skill in the art at the 
time of the invention to combine the method of Urmson in view of Kindel with the 
teachings of Hsu, because as Hsu suggests the branches must be compliant with 
vehicle/robot dynamic constraints in order to accurately plan the state space and 
trajectory of the path the vehicle is capable of traversing (section 3.1). 

Claim Rejections - 35 USC § 103 

Claims 19 and 21 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Urmson in view of Kindel et al. as applied to claim 16 above, and further in view of 
LaValle et al., "Randomized Kinodynamic Planning", May 10 1999, pages 473-479, 
Volume 1, Detroit Michigan. 

Neither Urmson nor Kindel teach using a confidence level of object locations or 
assigning a probability distribution to the object station information. However, LaValle et 
al. teaches a path planning system wherein the system assigns a confidence level to 
object locations and a probability distribution to one or more components of the objects 
(column 4, lines 13-34). It would have been obvious to one of ordinary skill in the art to 
combine the method of Urmson in view of Kindel with the teachings of LaValle et al. 
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because assigning a probability to the component of an object and a confidence level to 
the object location allows the robot to move possibly closer to the object, and increases 
the range of possible trajectories towards the goal. 

Claim Rejections - 35 USC § 103 
Claims 24-26 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Urmson et al. 

(Claims 24 and 26) Urmson describes a system to plan a path for a vehicle, 
comprising: defining a state space for the vehicle and a plurality of objects, the state 
space being a probability space (section 1); setting a root node to initial state for the 
vehicle (section 1, x in t); generating a plurality of paths comprising node-to-node 
branches from a vehicle start location to a goal location, each node being a probability 
distribution (figures 1 and 2, section 3, lines 17-37); examining each of the branches to 
determine whether stopping conditions are satisfied (section 4.1); generating first ones 
of the branches using deterministic rules (section 5, lines 47-61); generating second 
ones of the branches using random extension rules (section 5, lines 47-61); determining 
whether first ones of the plurality of branches should terminated (section 3, lines 9-37); 
and selecting a first one of the plurality of paths that extend to the goal location (section 
3, lines 9-37, figure 6). 

(Claim 25) Urmson further describes providing instruction to provide state 
information to the plurality of objects including one or more of position, heading, 
velocity, acceleration, turning radius, acceleration limit, velocity limit, g-force limit, and 
location confidence level (section 4.4). 
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Urmson does not describe first formulating the path plan on a workstation then 
downloading the selected path to a vehicle, however this would have been obvious to 
one of ordinary skill in the robotic art if the selected robot does not have the required 
processing power or if time/expense of the robot must be restricted. 

Allowable Subject Matter 

Claim 12 is allowed. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Christine M. Behncke whose telephone number is (571) 

272- 8103. The examiner can normally be reached on 8:30 am- 5pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Thomas G. Black can be reached on (571) 272-6956. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 

273- 8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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